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Abstract 
This new study develops an algorithm for Short Wave upwelling Radiative Flux (SWupRF) for the 
spectral variations within near infrared (NIR) from 1100 to 1700 nm  wavelength band based on remote 
sensing data set of Argus 1000 micro-spectrometer observations. We calculate the SWupRF by 
investigating the total radiative flux due to O2, H2O, CO2 and CH4 and also by the individual gas within 
the selected wavelength bands of interest. A GENSPECT synthetic line by line radiative transfer model 
is applied to perform radiative transfer simulations to calculate the radiative flux by varying surface 
albedo, mixing ratios of the selected greenhouse gases, surface temperature, solar sun and zenith angles 
with different latitude and longitude of the instrument. Finally, the SWupRFsyn estimated from 
GENSPECT was compared with SWupRFobs from Argus 1000 over a period of four years (2009 and 
2013) covering all seasons. We calculate and compare both the synthetic and real measured observed 
data set. The synthetic model gives SWupRFsyn within the range of [0.3950 to 1.650] W/m2 and the 
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selected Argus observed model gives SWupRFobs within the range of [0.10 to 3.15] W/m2. The 
simulated range of synthetic model also represents 1 to 32 K rise of temperature within the different 
concentration of water vapor and other gases. The authors determined that the satellite observed data 
of week 75 pass 43 & week 08 pass 61 showing minimum 0.850 [0.10 to 1.60] W/m2 and maximum 
1.65 [0.12 to 3.15] W/m2 respectively.        
1. Introduction 
Knowledge and monitoring of the earth radiation budget is essential for improving our understanding 
of the Earth climate and potential climate change [1]. The surface radiation flux is a major component 
of the energy exchange between the atmosphere and the land or ocean surface, and hence affects 
temperature fields, atmosphere and oceanic circulations [2]. The net surface radiation controls the 
energy and water exchange between the biosphere and the atmosphere, and has major influence on 
Earth weather and climate [3]. Earth climate is determined by the flows of energy into and out of the 
planet and to from earth surface [3, 4]. Changes to the surface energy balance also ultimately control 
how this hydraulic cycle corresponds to the small energy imbalances that force climate change [4]. 
Short wave radiation is the energy source of the earth. It plays a key role in the fields of hydrology, 
meteorology, agriculture, and even climate change [5]. Net surface radiation is the driving force for the 
surface energy balance and the transportation and exchange of all matters at the interface between the 
surface and the atmosphere, the net surface shortwave (SW) radiation significantly affects the climate 
forming and the change of climate [6]. The ability to better monitor each of the shortwave and long 
wave radiative components at the surface is essential to better understand existing feedbacks between 
the surface energy and hydrological cycles, and to better assess future effects of climate change. The 
Earth’s surface net shortwave (SW) radiation, i.e., the difference between the incoming and outgoing 
SW radiation, represents the amount of solar radiation absorbed by the surface and can be derived from 
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satellite observations. [7]. Clouds are the main factor in modulating the Earth energy budget and the 
Climate [8]. The need of the accurate characterization of SW radiation levels at surface is also very 
important criteria [8, 9, 10, 11]. In general the traditional ground based radiation measurement can 
provide an accurate radiation slots, but spatial coverage over the globe seriously limits this application 
over specially large areas. In comparison with satellite based measurements have a unique advantage 
to calculate radiative flux over the different areas of globe in terms of special coverage. In early 1970’s, 
NASA has recognized the importance of improving our understanding of the earth radiation budget 
(ERB), the first Earth Radiation Budget Experiment (ERBE) instrument onboard the Earth Radiation 
Budget Satellite (ERBS) in 1984 [12,13] and following the clouds and the Earth Radiation Energy 
System (CERES) [14].  
Bulk of the methods providing global coverage of the surface radiation are based on satellite remote 
sensing. Prior to the advent of the Earth Observation from Space (EOS) era in late 1990s, retrieval 
schemes employed either the geostationary satellites [15, 16, 17, 18, 19, 20, 21] or the National Oceanic 
and Atmospheric Administration (NOAA)—operated suite of polar orbiters [22, 23]. Methods used 
ranged from statistical/empirical schemes [15] to physically-based [16, 17, 18, 19, 20].  
Now a days, more and more studies over satellite data are aided to calculate surface shortwave radiative 
flux [24, 25, 26]. However, all of the above mentioned calculations are good enough for finding the 
shortwave radiative flux over a large or full wavelength bands. Argus 1000-a micro spectrometer 
working within NIR region of 1100 to 1700 nm wavelength band along with GENSPECT line by line 
radiative transfer model [27, 28, 29, 30], shown also a potential ability to accurately calculate the 
SWupRF within NIR range for the selected greenhouse gases O2, H2O, CO2 and CH4 for the total as 
well as for the individual wavelength bands with a large spatial area over different locations over the 
globe. Thus, this study demonstrates that the remote sensing within a small SWupRF wavelength band 
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can be a better foundation for future source for estimating the total energy within the selected NIR 
wavelength band as well as good source for the efficient detection of cloud scene with background 
atmospheric profile of temperature and gases mixing ratio concentrations. 
2. Instrument and model  
2.1  Argus 1000- a micro spectrometer. 
The Argus 1000 micro-spectrometer as shown in Fig.1, developed at York University, Canada in 
association with Thoth Technology Inc., is a part of the CanX-2 satellite’s payload [31] launched in 
2008. CanX-2 orbits in a low Earth orbit (LEO), 640 km above the Earth’s surface where Argus’s field 
of view (FOV) provides a spatial resolution of 1.5 km as illustrated in Fig. 2. The Argus 1000 micro-
spectrometer operates in the near infrared (NIR) region from 900 to 1700 nm with spectral resolution 
of 6 nm [27]. The Argus instrument provides a means to make measurements of upwelling radiation 
reflected to space by the Earth and atmosphere [27]. Reflection spectra of sunlight from the Earth‘s 
surface contain significant absorption features associated with the molecular absorption of radiation by 
particular gas species that can be used to infer the composition of the intervening atmosphere [29, 34]. 
Argus 1000 records the NIR signature of the surface-troposphere amounts of the significant greenhouse 
gases Oxygen O2, carbon dioxide (CO2) and water vapour (H2O) in order to monitor anthropogenic 
pollution and to identify significant sources and sinks in the atmosphere [28, 29]. Methane (CH4), 
Nitrous oxide (N2O), carbon monoxide (CO) and hydrogen fluoride (HF) species also have absorption 
features in this spectral region of 1100 nm to 1700 nm [34]. The Technical Specifications of Argus 
1000 Spectrometer is shown in Table 1. 
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Table 1: Technical Specifications, Argus 1000 Spectrometer [32] 
Argus 1000 Specification 
Type Grating spectrometer 
Configuration Single aperture spectrometer 
Field of View 0.15º  viewing angle  around centered camera bore sight with  15mm fore-
optics 
  Mass >230 g 
  Accommodation 45 mm x 50 mm x 80 mm 
  Operating Temp. -20ºC to +40ºC operating temperature 
  Survival Temp. -25ºC to + 50ºC survival temperature 
  Detector 256  element  InGaAs  diode  arrays  with  Peltier  cooler  (100  active 
channels) 
  Grating 300 g/mm 
  Electronics microprocessor  controlled  10-bit  ADC  with  co-adding  feature  to 
enhance  precision  to  13-bit,  3.6-4.2V  input  rail   250mA-1500mA 
(375mA typical) 
  Operational Modes –Continuous cycle, constant integration time with co-adding feature 
–Adaptive Exposure mode 
  Data Delivery Fixed length parity striped packets of single or co-added spectra with 
sequence  number,  temperature,  array   temperature  and   operating 
parameters 
  Interface Prime and redundant serial interfaces RS232 protocol 
  Spectral Channels 100 (typical) 
  Integration Time 500 µs to 4.096 sec 
  Handling Shipped by courier in ruggedized carrying case 
 
 The instrument was designed to take nadir observations of reflected sunlight from Earth's surface and 
atmosphere. The nadir viewing geometry of Argus is of particular utility as this observation mode 
provides the highest spatial resolution on the bright land surfaces and returns more useable soundings 
in regions that are partially cloudy or have significant surface topography [33]. 
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Figure 1. Argus 1000 spectrometer at the Space Engineering Laboratory, York 
University. 
 
 
Figure 2. Partly integrated CanX-2 spacecraft [Courtesy: UTIAS]. 
 
Argus team at the Space Engineering Laboratory at York University prepares the observation tables for 
the desired targets around the globe using the Systems Tool Kits (STK) software. The Argus-1000 
target list contains 35 sites around the Earth. In the last seven years that Argus has been in operation, 
we have made over 300 observations over a series of land and ocean targets [28], few examples of the 
observed dataset are as shown in Table 2. 
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Table 2. Typical Argus week per pass parameters for SWupRFobs 
Week No._Pass No. Date 
Observation 
Numbers 
(OBS) 
Packet 
Length 
Observations number with satellite Sun 
angle, Nadir angle, Lat. & Long. 
Location 
Week08_Pass61 2009October30 32-121 276 
OBS32:   Sat. nadir angle   =   6.2240 
                Sat. sun angle      =  35.4821 
                Lat. = 8.6388, Long. = 61.2715 
OBS121: Sat. nadir angle   =  4.9744                  
Sat. sun angle      =  33.0354 
                Lat. = 3.0414, Long. = 60.2615 
Arabian Sea 
& 
Seychelles 
Week09_Pass36 2009November04 22-45 69 
OBS22: Sat. nadir angle   =  5.0968                 
Sat. sun angle      =  35.5000 
               Lat. = 6.8350, Long. = -35.4025 
OBS45: Sat. nadir angle   =   5.4026 
              Sat. sun angle      =  33.9916 
               Lat. = 3.7837, Long. = -36.0342 
North Atlantic 
Ocean 
Week14_Pass52 2010March04 22-125 125 
OBS22: Sat. nadir angle   =  24.7152 
              Sat. sun angle      = 58.1136 
               Lat. = 47.3740, Long. = -77.7286 
OBS125: Sat nadir angle   =   21.8777 
              Sat. sun angle      =  54.5434 
               Lat. = 42.2893, Long. = -79.9453 
Toronto/ 
Kitcisakik 
(Canada) 
Week14_Pass54 2010March04 14-123 123 
OBS14: Sat. nadir angle   =  4.1527 
              Sat. sun angle      = 62.7967 
               Lat. = 53.1442, Long. = -124.6127 
OBS123: Sat nadir angle   =   17.2101 
                Sat. sun angle     =  57.9201 
               Lat. = 47.0893, Long. = -126.6271 
Vancouver 
(Canada) 
Week17_Pass42 2010April28 14-144 144 
OBS14: Sat. nadir angle   =  18.2065 
              Sat. sun angle      =  51.0290 
               Lat. = 64.8690, Long. = 177.4778 
OBS144: Sat nadir angle   =   1.2381 
                Sat. sun angle     =  43.9990 
               Lat. = 55.5832, Long. = 172.3671 
Magadan 
(Russia) 
Week30_Pass46 2010December 16 35-460 460 
OBS35: Sat. nadir angle   =  2.6513 
              Sat. sun angle      =  32.3060 
               Lat. = -26.7341, Long. = 43.2740 
OBS460: Sat nadir angle   =   2.2886 
                Sat. sun angle     =  45.0506 
               Lat. = -55.4500, Long. = 33.7905 
Indian Ocean  
 
 
 
Week41_Pass27 2011September08 14-198 198 
OBS14: Sat. nadir angle   =  4.5387 
              Sat. sun angle      = 56.8632 
               Lat. = -37.5321, Long. = -72.0149 
OBS198: Sat nadir angle   =  3.0990 
                Sat. sun angle     =  67.1288 
               Lat. = -50.2686, Long. = -76.2329 
Patagonia 
(South 
America) 
Week75_Pass43 2013August14 19-65 65 
OBS19: Sat. nadir angle   =  1.8888 
              Sat. sun angle      =  38.6809 
               Lat. = 31.7593, Long. = 148.2136 
OBS65: Sat nadir angle   =  1.6877 
                Sat. sun angle   =  38.1652 
               Lat. = 19.9247, Long. = 145.5481 
 
North Pacific 
Ocean 
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2.2  GENSPECT – a line by line radiative transfer model 
The GENSPECT is a line-by-line radiative transfer algorithm for absorption, emission, and 
transmission for a wide range of atmospheric gases [29]. Given information including gas types and 
amounts, pressure, path length, temperature, and frequency range for an atmosphere, the GENSPECT 
model computes the spectral characteristics of the gas. GENSPECT employs a new computation 
algorithm that maintains a specified accuracy for the calculation as a whole by pre-computing where 
a line function may be interpolated without a reduction in accuracy. The approach employs a binary 
division of the spectral range, and calculations are performed on a cascaded series of wavelength grids, 
each with approximately twice the spectral resolution of the previous one. The GENSPECT error 
tolerances are 0.01%, 0.1%, and 1%, which may be selected according to the application [29]. 
GENSPECT is used in this study to simulate the real atmosphere by dividing it into plane-parallel 
layers to handle the vertical stratification of the atmosphere. 
3.  Data sets with model simulations 
For modeling the SWupRF over different locations, the different weeks per passes of Argus data set is 
applied as shown in Table 2. In this study, the GNESPECT model along with Argus 1000 is applied by 
selecting the sun elevation angle, satellite nadir angle, variable path length, atmospheric water vapor, 
variable albedo, and with or without cloud structure over land or sea. Table 3 have shown the few input 
parameters used for calculating SWupRF.  Fig. 3 & 4 shows the GENSPECT-Synthetic spectrum with 
different H2O concentrations and albedo, & satellite sun and nadir angle of the selected Argus week 
per pass per observation numbers. Fig 4 also shows the dominant increase of radiance shift by changing 
water vapor concentration, surface albedo and altitudes from surface to reflecting medium. Both the 
spectrum shown a good absorption features of O2 (at 1260 nm), H2O (at 1200 nm &1400 nm), CO2 (at 
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1570 nm & 1610 nm) & CH4 (at 1670 nm). The selected wavelength and other parameters for 
GNESPECT synthetic model is shown in Table 4. 
Table 3.  Input parameters for SWupRFsyn model. 
Types of parameter Significance values and ranges 
Mixing Ratios of gases refmod 95_ O2.mxr, refmod 95_ CO2.mxr, refmod   95_ CH4.mxr, refmod 95_ H2O.mxr (1976 U.S. Standard Atmospheric Model) 
Gases in % O2 (100) , CO2 (100), CH4 (100), H2O (0 to 35) 
Height from surface to top of 
clouds 2km to 50 km 
Surface Type Lambertian 
Surface Temperature 2880K to 3000K 
Satellite sun angle* Argus geo location (Obs no.) 
Satellite nadir angle* Argus geo location (Obs no.) 
Reflectivity 
0.3 (over generic vegetation and bare soil) 
0.1 to 0.9  (over snow, clouds, and ice) 
Scattering Type Rayleigh 
    *Different for each Argus week/pass/observation number applied for calculating SWupRF 
     Table 4: Wavelength and smoothing bands used for GENSPECT synthetic model 
 
Name of Slices Wavelength Bands 
Range (nm) 
Smoothening Bands Slope 
Threshold* 
O2  absorption band [1150 - 1330] O2  synthetic, 
O2  observed [50,50] 
0.5e-6 
H2O absorption band [1340 - 1440] 
 
H2O synthetic, H2O 
observed [50,50] 
0 
CO2 absorption band [1580 - 1620] 
 
CO2 synthetic, CO2 
observed [0,0] 
0 
CH4 absorption band (max 
1675!!) 
[1625 - 1673] CH4  synthetic, CH4 
observed [0,0] 
0 
*Plateau detection threshold for the O2 band (its variable height and % position requires us to  
  detect the sub-band where it is most "flat").  
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Fig. 3 (a) & (b) : GENSPECT-Synthetic spectrum with H2O = 30%, albedo = 0.3, by 
varying satellite sun and nadir angle for selected week per pass per 
observation number.  
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            Fig. 4: GENSPECT-Synthetic spectrum with different albedo, altitudes and concentration of 
H2O.  
 
The Argus-1000 target list contains 35 sites around the Earth. In the last seven years that Argus has 
been in operation, we have made over 300 observations over a series of land and ocean targets [28]. 
Moreover, Argus can also detect a cloud scene within the selected range of week per passes of Argus 
flight [28].  
In order to validate the Argus space data results, a radiative transfer simulations were again carried out 
by GENSPECT synthetic model included the actual solar sun and zenith angle of the space instrument 
as shown in table 1. The Argus spectrum profile of different selected weeks per passes with observation 
numbers as shown in Fig. 5 and Fig. 6.  Most of the spectrums in Fig. 5 & Fig. 6 have shown a good 
absorption features of O2, H2O, CO2 & CH4 within the specified wavelength bands, which is used for 
the calculation of SWupRF for both synthetic and real observations, different scenrios were simulated 
within the instrument range.  
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Fig. 5: Argus spectra- radiance vs wavelength of weeks per passes with selected 
observation numbers (week08/09/14, pass61/36/52/54, 
obs32/45/22/14/123). 
 
Fig. 6: Argus spectra- wavelength vs radiance of different weeks per passes with 
selected observation numbers week17/30/41/75, pass42/46/27/43, 
obs14/144/35/19/65). 
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4. Methodology 
Any retrieval method is likely to be loaded with difficulty as no method can completely capture the 
complex behavior of the atmosphere. Even if the observational problems can be overcome the potential 
utility of such data may not be clear [35]. We used the method of optimal retrievals by means of a 
forward model to output simulated radiance observations. The spectral distribution of solar radiation, 
or extraterrestrial solar spectrum, incident on the top of the Earth's atmosphere is shown in Fig. 7. The 
interaction of this radiation with the surface and atmosphere is the source of the reflected radiation 
measured by Argus. Absorption and scattering must be accounted for along the incoming and outgoing 
atmospheric paths that depend on the sun-Earth-satellite geometry includes solar zenith angle, satellite 
viewing angle and relative azimuth with respect to the point of observation.   
 
Fig 7. Solar Spectrum for Argus spectral window Reproduced from the 2000 ASTM Standard 
Extraterrestrial Spectrum Reference E-490-00. [34] 
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The SWupRF model have been developed by the retrievals spectra of Argus 1000 alongwith 
GENSPECT line by line radiative transfer model to find the total intensity of each Argus spectra by 
integrated absorption technique using eq. no. (1) to (4) which integrates over the full spectral range.  (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠, (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 =  ∫ 𝑆𝑆 (𝜆𝜆)𝑑𝑑𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆1                  (1) 
where (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠 = Short Wave upwelling Radiative Flux of GENSPECT synthetic  spectra 
           (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 = Short Wave upwelling Radiative Flux of Argus observed spectra 
            𝑆𝑆 (𝜆𝜆) = Spectral radiance [(Wm-2 sr-1 (1/cm)-1]  
                        𝜆𝜆1 𝑡𝑡𝑜𝑜 𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆 = wavelength band 
The equation (1) can also be written as,  
           (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)  ≅ ∑ 𝑆𝑆 (𝜆𝜆𝜆𝜆)𝑑𝑑𝜆𝜆𝑁𝑁𝑖𝑖=1                 (2) 
 To integrate over a solid angle the following equations is applied:   
 ((𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)Ω = (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) × 2𝜋𝜋 ∫ 𝑠𝑠𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠𝑑𝑑𝑠𝑠𝜋𝜋20   = 𝜋𝜋(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)  (3) 
The total spectral SWupRF is calculated by the following relationship: (𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺)𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭 = (𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺)𝛀𝛀 x rv      (4) 
where rv = resolution wavenumber 
By applying the above relationship the total SWupRFsyn for a selected greenhouse gases was calculated 
with each wavelength band by simulating the upwelling surface flux within the NIR range of 
instrument and recalculating the SWupRF with the range of different percentages of H2O and CO2. 
The mixing ratios concentration of O2 and CH4 were held constant (US1976 atmospheric model) 
throughout the atmospheric profile from 2 to 50 km. The temperature profile were varied from 288° K 
to 300° K. The SWupRFobs were calculated within the wavelength range of weeks per passes of Argus 
1000 by choosing solar sun and zenith angle of the instrument observation as shown in table 1.  
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5. Result and discussions: 
5.1 SWupRFsyn by GENSPECT radiative transfer model: 
Fig. 8 (a), (b), (c) & (d) illustrate the spectral response of GENSPECT synthetic output with the 
different concentration of water vapor ranges from 2% to 45%. All the generated spectra clearly 
indicate the strong features of absorption of O2, H2O, CO2 and CH4. This can easily be exemplified 
from the spectral trend within the water vapor band that it may become spectrally saturated while 
reaching around 35% of mixing ratio of H2O concentration.
 
Fig.8 (a) Synthetic spectra of H2O from 2% to 4% of original atmospheric model 
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Fig.8 (b) Synthetic spectra of H2O from 4% to 6% of original atmospheric model  
 
Fig.8 (c) Synthetic spectra of H2O from 10% to 20% of original atmospheric model  
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Fig.8 (d) Synthetic spectra of H2O from 20% to 25% of original atmospheric model  
Different synthetic spectra of CO2 have also been generated by fixing water vapor concentration 
(same as in US atmospheric model and also at 35% of H2O while saturated) and changing CO2 
concentration from 0% to 200% as shown in Fig.9.  
 
      Fig.9 Synthetic spectra of CO2 from 0% to 100% and 2CO2of original atmospheric model 
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All the simulated spectra have been used to calculate the (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠by applying the Integrate 
synthetic spectra model illustrated in Fig 10 & Fig 11, clearly demonstrate the total short upwelling 
wave radiative flux within the 1100 nm to 1700 nm of wavelength bands due to the overall effect of 
O2, H2O, CO2 and CH4 while integrating over total wavelength bands. The trends clearly indicate that 
the radiative flux intensity in decreasing while increasing the concentration of water vapor within the 
selected wavelength bands of interest. This shows that the short wave upwelling radiative flux is very 
sensitive to H2O when the water vapor concentration is high.  
Fig 10 (a) & (b) exemplify the (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠is 0.4725 [0.3950 to 0.5500] W/m2 & 1.340 [1.030 to 
1.650] W/m2 with albedo =0.3 & 0.9 respectively, at different surface temperatures, fixed 
concentration of O2, CO2 & CH4 by varying water vapor.  
 
Fig.10 (a) (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠 from 0% to 35% of H2O concentration with albedo = 0.3 
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Fig.10 (b) (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠 from 0% to 35% of H2O concentration with albedo = 0.9 
The different simulated synthetic spectra of CO2 band from 1565 nm to 1620 nm have given 
substantial absorption of CO2 in comparison with other spectra from 1% to 200% variation of CO2. 
The estimate of the (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠with different surface temperature, fixed concentration of O2, H2O 
& CH4 with varying carbon dioxide is 0.3430 [0.3407 to 0.3454] W/m2.   
  
Fig.11 (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠at 0% to 200% of CO2 concentration 
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5.2 SWupRFobs by Argus 1000 space data: 
Fig. 12 to Fig 15 illustrated the spectral response of Argus week per pass per observation for the full 
range of satellite raw data of Argus flight. Similarly in contrast with GENSPECT model, the strong 
absorption for O2 was noticed at about 1260 nm. We also found the absorption signatures of CO2 at 
around 1570 nm and 1610 nm and as well as CH4 absorption features at 1670 nm. Fig 13 shown the 
strong absorption features of H2O within 1390 nm to 1430 nm wavelength band, which tends to become 
saturate in this spectral region. 
 
 
 Fig.12 Argus observed spectra of week 08 pass 61 with observation 243  
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 Fig.13 Argus Observed spectra of week 09 pass 36 with observation 27  
 
 Fig.14 Argus Observed spectra of week 14 pass 52 with observation 100  
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Fig.15 Argus Observed spectra of week 75 pass 43 with observation 56  
All the observed spectra with different week per pass number with a set of observations as shown in 
Table 2 have been used to calculate the (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 by applying the ‘Integrate observed spectra 
model’. Fig. 16 shown a comparison of few with GENSPECT simulated radiance with albedo 0.3 and 
0.5, altitude variations from 10 to 50 km and fixed 30 % H2O concentration with Argus observations 
profile numbers 20,100,120 and 124 of week 14 pass 52 recorded by on March 4th , 2010 over 
Vancouver, Canada (see Table 2). This spectrum for Argus 1000 spectrometer shows the absolute 
radiance value around 6 to 60 Wm-2sr-1(cm-1)-1. 
 
Fig.16 Different Synthetic vs. Argus observed spectra of week 14 pass 52  
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 Model parameters are optimized to achieve best-fit retrieval results as shown in Fig 17. The gases used 
in model are O2, H2O, CO2 and CH4, Rayleigh single scattering is included in the model. The surface 
reflectivity is determined iteratively to be 0.3 (assuming a Lambertian surface). The atmospheric 
composition model used is RefMod 2000 and atmospheric density model is from the US standard 
Atmosphere. The spacecraft nadir view angle is 4° to 17° and Sun angle is 57° to 62° for this selected 
data set of Argus flight. Table 5 illustrates the integrated output of few selected data set of Argus 
observed spectra of different weeks per passes per observations. 
 
Table 5: Argus - SWupRFobs (W/m2) model output 
 
 
Argus Week/Pass 
 
Date 
 
Geo-location 
 
SWupRFobs (W/m2) 
08/61 October 30th, 2009 Arabian Sea & Seychelles 1.65 [0.12 to 3.15] 
09/36 November 4th, 2009 North Atlantic Ocean 1.095 [0.011 to 2.180] 
14/52 March 4th, 2010 Toronto, Canada 1.215 [0.13 to 2.30] 
17/42 April 28th, 2010 Magadan, Russia 0.935 [0.051 to 1.82] 
41/27 September 8th, 2011 Patagonia (South America) 0.915[0.10 to 1.73] 
75/43 August 14th, 2013 
Greenland Sea, North of 
Iceland 
0.850 [0.10 to 1.60] 
 
The high values of SWupRF are due the probability of TOA layers of thick clouds, aerosols and dense 
water concentration and the low values are due the clear sky, thin clouds, directly due to earth surface 
and oceans.  
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Fig.17  Best fitted synthetic vs. Argus observed spectra of week 14 pass 52.   
 
Fig. 18 illustrates the full set of Argus observed spectra of week 08 pass 61 (October 30th, 2009) over 
Arabian Sea & Seychelles. The average range of (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤08𝑆𝑆𝜆𝜆𝑠𝑠𝑠𝑠61)𝑜𝑜𝑜𝑜𝑠𝑠 is 1.65 [0.12 to 
3.15] W/m2. In this  
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Fig.18. (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 of week 08 pass 61 of Argus observed data   
 
Fig. 19 illustrates the full set of Argus observed spectra of week 09 pass 36 (November 4th, 2009) 
over North Atlantic Ocean. The average range of (𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺−𝒘𝒘𝒘𝒘𝒘𝒘𝟎𝟎𝟎𝟎𝑺𝑺𝒑𝒑𝒑𝒑𝒑𝒑𝟑𝟑𝟑𝟑)𝒐𝒐𝒐𝒐𝒑𝒑 is 1.095 [0.011 
to 2.180] W/m2. 
   
     Fig.19. (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 of week 09 pass 36 of Argus observed data   
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Fig. 20 illustrates the full set of Argus observed spectra of week 14 pass 52 (March 4th, 2010) over 
Toronto, Canada. The average range of (𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺−𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝟏𝟏𝟏𝟏𝑺𝑺𝒑𝒑𝒑𝒑𝒑𝒑𝟓𝟓𝟓𝟓)𝒐𝒐𝒐𝒐𝒑𝒑 is 1.215 [0.13 to 2.30] 
W/m2. 
 
Fig.20. (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠of week 14 pass 52 of Argus observed spectra  
Fig. 21 illustrates the full set of Argus observed spectra of week 17 pass 42 (April 28th, 2010) over 
Magadan, Russia. The average range of (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤17𝑆𝑆𝜆𝜆𝑠𝑠𝑠𝑠42)𝑜𝑜𝑜𝑜𝑠𝑠 is 0.935 [0.051 to 1.82] W/m2. 
 
Fig.21. (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 of week 17 pass 42 of Argus observed spectra  
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Fig. 22 illustrates the full set of Argus observed spectra of week 41 pass 27 (September 8th, 2011) over 
Patagonia (South America). The average range of (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤41𝑆𝑆𝜆𝜆𝑠𝑠𝑠𝑠27)𝑜𝑜𝑜𝑜𝑠𝑠 is 0.915[0.10 to 
1.73] W/m2. 
 
Fig.22. (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 of week 41 pass 27 of Argus observed spectra  
Fig. 23 illustrates the full set of Argus observed spectra of week 75 pass 43 (August 14th, 2013) 
over Greenland Sea, North of Iceland. The average range of (𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺−𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝟓𝟓𝑺𝑺𝒑𝒑𝒑𝒑𝒑𝒑𝟏𝟏𝟑𝟑)𝒐𝒐𝒐𝒐𝒑𝒑 
is 0.850 [0.10 to 1.60] W/m2. 
 
Fig.23. (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑜𝑜𝑜𝑜𝑠𝑠 of week 75 pass 43 of Argus observed spectra  
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From Fig 18 to Fig 23, have given an idea of the total radiative flux for both the synthetic and observed 
SWupRF within the selected NIR range of Argus 1000 for the selected total and individual bands of 
O2, H2O, CO2 and CH4 shown different intensity of upwelling radiation. The O2 and H2O have high 
radiative flux probably due the high altitude at top of the atmosphere as well as high mixing ratio of 
water vapor. The weak features of CO2 and CH4 in terms of flux intensity were now incorporated 
approximately as overlapping absorbers. The high and low radiative fluxes were also due to 
atmospheric gas concentrations, geolocations of Argus flight (solar sun and zenith angles, latitude and 
longitudes), different types of earth surfaces, types of clouds and aerosols layers etc.  By having an 
investigation with few outputs of both satellite week per pass per observation of Argus 1000 along with 
the synthetic-GENSPECT model has been given a clear understanding of the total radiative flux within 
SWupRF-NIR wavelengths range of terrestrial emission by the selected four greenhouse gases on Earth 
environments and specially by H2O and CO2 as they both acts as a most important greenhouse gas and 
interface significantly with the band of the radiatively active gas in term of Short Wave upwelling 
Radiative Flux in (W/m2).  
6. Conclusions 
Surface radiative flux of SW within NIR spectral range from 1100 nm to 1700 nm were determined 
using the satellite based measurement over different spatial locations during the period of 2009 to 2013 
under different atmospheric concentrations. Short Wave upwelling Radiative Flux (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) for O2, 
H2O, CO2 and CH4 were simulated within the four selected wavelength bands by applying GENSPECT 
radiative transfer line by line code.  The same methodology has also been applied to calculate the (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) of the satellite observed raw data of Argus 1000 spectrometer. The synthetic model gives (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠  within the range of [0.3950 to 1.650] W/m2 and the selected Argus observed model 
gives  (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑂𝑂𝑜𝑜𝑠𝑠 within the range of [0.01 to 3.15] W/m2. The simulated results of (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑠𝑠𝑠𝑠𝑠𝑠  
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with the same set of solar sun and zenith angles were compared with the few measured results of (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑂𝑂𝑜𝑜𝑠𝑠 of the Argus satellite data over Arabian sea, North Atlantic Ocean, Canada, Russia etc. 
Both the models has given the minimum difference of SWupRF within the selected wavelength of each 
gas. The overall analysis within the SW-NIR band has been shown an ability to compute the spectral 
radiative flux over different atmospheric surfaces and can be used to calculate the effects of increases 
of greenhouse gases. The detailed investigation has been required to add cloud features by comparing 
the radiance enhancement over different spatial locations with the radiative effect of SW-NIR range. 
This will definitely reduce the quantification process of detection of cloud scenes and its relationships 
with concentrations of water vapor and CO2 and will also helpful to extrapolate the consequence of full 
SW wavelength range in contrast with the climate behavior. 
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